Objective To compare the treatment effects, satisfaction with the treatment, and performance improvement following bandage treatment using the spiral method and spica method for breast cancer-related lymphedema (BCRL). Methods A prospective study with 46 patients with BCRL was conducted. All patients were divided into either the spiral or spica group for non-elastic bandage therapy and received the same treatment for 2 weeks, apart from the group-specific bandaging method used. For both groups, the Quality of Life Instrument score before treatment, changes in the volume of lymphedema limb and the Disability of the Arm, Shoulder, and Hand (DASH) score before and after treatment, and treatment satisfaction after treatment were compared. The Student t-test was used to compare the parameters between the two different bandage methods. Results With respect to the treatment outcomes, total volume reduction and proximal part volume reduction after treatment were 98.0±158.3 mL and 56.0±65.4 mL in the spiral method group and 199.0±125.1 mL and 106.1±82.2 mL in the spica method group, respectively. Therefore, the spica method group showed a significantly better improvement (p<0.05). The DASH score changes after treatment showed that the spiral group score increased by 3.8±5.4 and the spica group score increased by 7.7±6.1; thus, a significantly better improvement was noted in the spica group (p<0.05). Conclusion The spica method indicated better volume reduction and DASH score improvement than the spiral method. Therefore, the spica method may be more effective for treating patients with BCRL.
INTRODUCTION
The desired outcome following treatment for lymphedema is reduction of swelling, not curing the underlying ailment. Several methods are commonly used to treat lymphedema, including manual lymphatic drainage (MLD), skin care, remedial exercise, compression bandages, compression garments, pneumatic compression, mercury compression, elevation, microwave, and laser therapies [1] . Complex decongestive therapy (CDT), which combines these various methods, was developed in Europe in the 1930s and is now recognized as an effective non-surgical treatment for lymphedema and is recommended by the International Society of Lymphology.
CDT involves education regarding skin management to prevent infection, MLD for fluid drainage, non-elastic bandage compression therapy for volume reduction, and remedial exercise [2] . Moreover, the use of compression bandages was previously reported to maintain the functional status of the bandaged upper extremity and to reduce swelling volume in the initial treatment stage of breast cancer-related lymphedema (BCRL) [3] .
The bandages used provide minimal stretch and are mainly used to maintain the reduced volume following MLD. The bandage exerts light pressure during rest and high pressure during muscle contraction to prevent skin extension. The pressure between the muscles and the bandage facilitates passive lymphatic flow. The variable pressure across the bandaged skin when the muscle contracts is identical to the effect of massage, which increases lymph flow. The bandage should be worn as long as possible, including at night [4] . Recently, a variety of new products for compression therapy have been introduced to increase effectiveness and patient comfort.
As described above, lymphedema has a variety of treatment methods and each treatment has a therapeutic effect compared to no treatment [5, 6] . However, a comparative study of the therapeutic effects of each treatment method is lacking and there is some disagreement on the results. For example, there have been many discussions about which components of the physical therapy program are most important and whether bandages are more effective in reducing edema than compression socks [7] . However, there have been no studies comparing different bandaging methods. The purpose of this study was to compare the treatment effects, treatment satisfaction, and performance improvement following bandage treatment using the spiral method and spica method for BCRL ( Fig. 1 ).
MATERIALS AND METHODS
This was a prospectively designed study consisting of 46 patients with BCRL who were admitted to the Department of Rehabilitation Medicine of Kosin University Gospel Hospital, Korea for CDT. This study was approved by the Institutional Review Board of Kosin University College of Medicine (No. 201604-BM-008). And written consent was obtained for all participants.
Individuals meeting the following two criteria were included in the study: (1) patients with clinically unilateral upper limb edema after breast cancer surgery and www.e-arm.org
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(2) patients diagnosed with lymphedema by lymphoscintigraphy and bioimpedance analysis (BIA). Patients were clinically diagnosed with lymphedema when the affected limb increased more than 2 cm in circumference or increased more than 200 mL in volume compared with the unaffected limb [8] . Lymphoscintigraphy confirmed lymphedema, in which the axillary lymph node uptake of the affected side was not observed till 3 hours or the flow was decreased. A mean limb index ratio (LIR) of 1.139 or more for the affected dominant arms and 1.066 or more for the affected non-dominant arms indicates a lymphedema diagnosis in patients with BIA [9] . Individuals meeting the following criteria were excluded: (1) patients with bilateral upper limb edema; (2) patients with edema due to impaired arterial or venous function; (3) patients with systemic edema due to an impaired heart, kidney, or liver function; (4) patients who were taking medication that could cause fluid retention and extremity swelling or those undergoing radiation or chemotherapy at the time of CDT; (5) patients who could not undergo CDT due to infection in the upper limb where the lymphedema was located; (6) patients who underwent CDT within the previous 3 months; (7) patients who were over 70 years old or who were unable to adhere to CDT guidelines due to cognitive impairment; and (8) patients with metastatic lymphedema.
All patients were divided into either the spiral group or the spica group for non-elastic bandage therapy and received the same treatment for 2 weeks with the exception of their group-specific bandaging method.
General characteristics
Patient age, weight, body mass index (BMI), breast cancer stage, the time from breast cancer operation to the onset of lymphedema, period of lymphedema, type of surgery, and lymph node surgery were assessed to compare characteristics between patient groups. The period of lymphedema was defined as the period from the time when the patient felt that the first swelling occurred to the start of CDT, and the above period was defined as the disease period. To quantify the effect of lymphedema on patients' daily lives, the Quality of Life Instrument (breast cancer patient version) was administered. The Quality of Life Instrument is an assessment tool containing 46 items designed to assess the quality of life (QOL) of breast cancer patients before, during, and after severe illness, pain, and surgery.
Assessment
The circumference and volume of both upper extremities were measured before CDT and 2 weeks after the CDT. The circumference of the arm was measured using 3 cm intervals to calculate the proximal and distal volume of the affected limb [10, 11] . The total volume of the affected limb was measured using volumetry. Specifically, to determine the volume of each of the distal and proximal parts, an imaginary line connecting the olecranon with the medial and lateral epicondyle was defined as the anatomic baseline. The proximal part of the upper limb was defined as the area from the anatomic baseline to the axilla, and the distal part of the upper limb was defined as the area from the anatomic baseline to 6 cm below the ulnar styloid process.
We considered each segment as a truncated cone and calculated the segmental volume of each truncated cone. The volumes of the proximal part and distal part were calculated as the sum of the volume of each segment of the proximal and distal range [11] :
where V is the volume of the segment, C1 and C2 are the circumferences at the end of each segment, and h is the distance (segment length) between C1 and C2.
Functional status
To assess the functional status of patients, we used the Disability of the Arm, Shoulder, and Hand (DASH) questionnaire by the Institute for Work & Health in 2006. The DASH consisted of 30 items related to physical functionality and symptoms. The score was calculated as:
DASH score = (sum of scores / n-1) × 25 where n is the number of items answered. Patient DASH scores were assessed before treatment and 2 weeks after treatment.
Treatment satisfaction
Treatment satisfaction was assessed by a survey administered after treatment wherein a visual analog scale with a total of 10 items rated 0 to 10 points was used. The questionnaire consisted of items, such as the degree of unwinding after wrapping the bandage, discomfort after wrapping the bandage, difficulty in wrapping the bandage, inconvenience in performing physical activity after www.e-arm.org bandage wrapping, and the effect on daily life after wrapping the bandage. The total score was 100 points. A lower score was indicative of a more difficult and uncomfortable treatment ( Supplementary Fig. S1 ).
Statistical analyses
The number of subjects was calculated using the G*Power version 3.1 (http://www.psychologie.hhu.de/ arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower.html). The number of samples was maintained at a significance level of 0.05 in the t-test, and a total of 42 people were required. A total of 46 subjects were selected to account of dropping out of participants.
The subjects were randomized into the spiral or spica groups by an allocation sequence generated from a computerized random number table. Twenty-three patients were assigned to each group according to a random number table, prior to treatment.
Student's t-tests were used to compare parameters between the two different bandage method groups using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). The significance level was set at p<0.05. Parameters compared included age, BMI, QOL score, onset after surgery, disease period, difference in volume of the affected limbs, DASH scores before and after treatment, and treatment satisfaction after 2 weeks of CDT. A chi-square test was used to assess the correlations among breast cancer stage, type of surgery, and type of lymph node surgery.
RESULTS
A total of 46 patients were recruited for this study. Two patients in each group failed to complete the evaluation due to failure to complete the survey or treatment. Therefore, we assessed data collected from 42 patients.
The demographics of each group are shown in Table 1 . There were no statistically significant differences between the two groups in terms of sex, BMI, breast cancer stage, the time between surgery to the onset of lymphedema, disease period, QOL score, type of surgery, type of lymph node surgery, and the volume of the upper limbs with Values are presented as mean±standard deviation (range). Total volume was measured by volumetry. Volume (below & above elbow) was calculated by the circumference of the arm. QOL score is the sum of the scores obtained by the patient in The Quality of Life Instrument. BMI, body mass index; BCS, breast-conserving surgery; MRM, modified radical mastectomy; ALND, axillary lymph node dissection; SLND, sentinel lymph node dissection.
www.e-arm.org lymphedema ( Tables 1, 2) . When comparing the treatment outcomes for the spiral method and spica method groups, the total volume reduction after treatment was 98.0±158.3 mL in the spiral method group and 199.0±125.1 mL in the spica method group. Therefore, the spica method group showed a significantly better improvement (p<0.05).
The circumference was measured at intervals of 3 cm to calculate the volume of the distal and proximal parts of the affected limb. Improvement was observed in the distal part in the spiral method group and in the distal part in the spica method group. The volume difference in the proximal part before and after treatment was 56.0±65.4 mL for the spiral method and 106.2±82.2 mL for the spica method, representing a significantly greater reduction in volume for patients in the spica group compared to that for patients in the spiral group (p<0.05) ( Table 2 , Fig. 2 ).
DASH score changes following the treatment showed that the spiral group score increased by 3.8±5.4 and the spica group score increased by 7.7±6.1, which was a significantly better improvement (p<0.05). Treatment satisfaction, which measured patient comfort and compliance while wearing the bandage, showed a higher score with spiral treatment, but this was not statistically significant.
Finally, neither group demonstrated a significant difference in volume reduction between the proximal part and the distal part following treatment ( Table 3 , Fig. 3 ).
DISCUSSION
Previous studies have reported BCRL in 6% to 83% of surgical cases [12] . Various methods such as sequential limb circumference, water displacement volume, lymphoscintigraphy, BIA, ultrasound, and tissue tonometry are used to diagnose lymphedema. In a recent study, there was a discussion that increased FDP and D-dimer were associated with lymphedema [13] . In this study, lymphoscintigraphy and BIA were used to diagnose lymphedema.
Lymphoscintigraphy is a method of imaging the anatomic and transport capacity abnormalities of lymphatic flow. Diagnostic accuracy of lymphedema showed moderate sensitivity (=0.62) and high specificity (=1.0) when compared to unaffected extremities [14] . Additionally, www.e-arm.org quantitative lymphoscintigraphic analysis has been found to be associated with the possibility of lymphedema development and can be used as a predictor of the likelihood of edema after surgery [15] . However, there are disadvantages of high costs, low resolution, invasiveness, and radiation exposure. The bioimpedance measurement is a method to calculate the amount of body fluid by measuring the impedance to the current passing through the body part. Previous studies have shown that the treatment effects can be predicted by the ratio of extracellular fluid volume and single frequency BIA to the affected limb and unaffected limb. BIA can be used as a useful indicator to predict the treatment outcome [16] .
Lymphedema can be treated with medication or surgery; however, CDT has recently been adopted as the typical treatment method for patients with lymphedema [17] . CDT involves non-elastic compression bandages, MLD, compression garments, exercise, and self-care. Among these various components of the treatment, bandaging plays an important role [18, 19] .
A variety of materials can be used for bandaging, and it is common to determine if elastic or non-elastic compression bandages should be used with in vitro evaluation. Elasticity is defined as the ratio of elongation when applying a force of 10 N/cm bandage width to the material. When the elongation is 0%-10%, between 10% to 100%, and 100%, then the bandage is considered a 'no stretch' bandage, short stretch bandage, and long stretch bandage, respectively [20] . Additionally, on applying multiple layers of elastic bandages, the same effect can be achieved as that achieved on the use of non-elastic bandages. This non-elastic multilayer bandaging method is the most commonly used method for the early treat- www.e-arm.org ment of lymphedema [21] .
Most studies on the effects of CDT and bandaging have used the spiral bandaging technique [22] . However, the spiral method, which involves bandaging the patient's arm in one direction, is not the only available method; the spica method, which involves application of a bandage in a zigzag manner, can also be used.
Spica bandaging is a method that has been mainly used when it is necessary to perform bandaging of areas where the bandage may be easily loosened, such as the hip. One study reported that bandaging using the spica method for lower extremity edema patients demonstrated better reduction of edema [23] . However, this is the first study to compare the effects of these two methods in patients with upper limb edema after breast cancer surgery.
Previous studies of patients with lymphedema that assessed the International Classification of Disease, Disability, and Health (ICF) demonstrated that lymphatic edema adversely affects most body functions, body structures, activities, and participation [24, 25] . In another study, combining resistance exercise and intensive CDT for lymphedema had a positive effect on the incidence of exacerbations, the severity of lymphedema symptoms, arm disabilities, muscle strength, and also indicated an improved DASH score [26] . In this study, the DASH score was evaluated before and after treatment to compare the degree of improvement for each bandage method in addition to the degree of edema reduction. A survey was also conducted after treatment to compare patient difficulty, discomfort, and compliance with the different bandaging methods.
We report that the spica group had a significantly greater decrease in the volume of the upper limb (especially above the elbow) compared to the spiral group, and the spica group also had a significantly greater improvement in the DASH score. The spiral method demonstrated higher patient satisfaction scores than those for the spica method, but this difference was not significant.
However, there is difficulty in that the spica method should be zigzagged compared to the spiral method, which can simply be wound in one direction. Although this may be considered simple, the small difference may cause difficulty in performing the bandage technique because only one arm should be used to bandage in the opposite arm with lymphedema. It takes a long time to wrap the bandage and is more difficult for the patient to learn. Moreover, since the spica method is more firmly fixed to the proximal part of the affected limb, the patient may feel tightness due to the nature of the bandage to be maintained over a long period of time. These disadvantages can reduce patient compliance.
Bandages as a component of CDT are clinically effective at reducing edema in the distal part of the upper extremity affected by lymphedema, and resistive exercise is more effective at reducing edema in the proximal part. Additionally, previous studies have shown that active resistive exercise in patients with BCRL results in better outcomes for the proximal part of the affected upper extremity than CDT alone [2] . Importantly, this study demonstrates that the use of a different bandaging method, without additional exercise therapy, can increase therapeutic effects on the proximal part of the upper extremity with lymphedema, which can be called the limit of bandaging therapy.
CDT is divided into two stages. The first stage of treatment minimizes limb volume through skin care, MLD, physical exercises, and non-elastic compression bandages. The second stage or maintenance stage is performed immediately after the first stage and involves the application of elastic compression stockings, exercises, and selfmassage to maintain and optimize the results obtained in the first stage [27] .
Bandages, which play an important role in the first stage of lymphedema treatment, can be difficult to apply properly due to loosening of the bandage. Various alternative methods have been devised to overcome this drawback, including the use of non-elastic Velcro or wrapping the limb with a wrap [28] . However, the spica bandaging method used in our study was able to prevent bandage loosening without the use of these alternative strategies and was more effective at reducing the volume of the upper extremity than the conventional spiral method, particularly for the proximal part of the limb.
In summary, the purpose of this study was to compare the treatment efficacy and patient satisfaction following bandage techniques using the spiral method and the spica method. The treatment efficacy was evaluated as the reduction of volume of the upper limb with edema after treatment, and the DASH score was used to evaluate the improvement of the patient's performance ability. Additionally, satisfaction with and discomfort of the treatments were assessed using a patient satisfaction queswww.e-arm.org tionnaire. The results demonstrate that the spica method was better able to reduce edema and enhance function compared to the spiral method.
According to the International Society of Lymphology, lymphedema can be divided into three stages. Stage 0 is defined by subtle changes in the tissue fluid and composition and subjective symptoms. In stages I-III, clear swelling occurs and can last for months or years [29] . However, we did not classify the patients' lymphedema stage in this study. We were unable to determine the differences in the effects of bandaging method based on the stage. Therefore, further research will be required to better assess the effects of different bandaging methods in patients with different stages of lymphedema.
In conclusion, the purpose of this study was to compare the therapeutic effects of different bandage methods performed as a component of CDT, an important method for the treatment of lymphedema. We compared outcomes following two methods of bandaging: the spiral method and the spica method. The spica method demonstrated better volume reduction and DASH score improvement than the spiral method. However, the spiral method showed a higher score for patient satisfaction, but this was not statistically significant. In conclusion, our results suggest that the spica method may be more effective for treating patients with lymphedema, but it may be more difficult and uncomfortable for the patient. Therefore, the treatment method should be selected according to the degree of symptoms and patient compliance. Finally, the spica method is recommended for intensive care situations.
